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Abstract 


Ths  balance  between  functional  design  requirements  and 
manufacturing  capabilitims  in  thm  dssign  and  production  of 
military  hardware  must  bs  established  during  the  early 
stages  of  design  development  to  maximize  cost  efficiency  of 
the  total  system  and  to  establish  a  foundation  of 
preparedness  in  the  event  of  industrial  mobilization.  This 
writing  reveals  how  such  a  balance  has  been  obtained 
historically,  and  presents  a  strategy  for  developing 
production  ready  designs.  The  discipline  that  assures  an 
optimal  balance  of  perforsance  at  minimal  cost  and  delivery 
time  is  producibi 1 i ty.  The  characteristics  that  allow 
production  personnel  to  readily  build  to  a  design  are  not 
automatically  inherent  in  the  design,  but  rather  must  be 
required  of  the  design  agency  by  high  levels  of  authority. 
The  findings  indicate  creation  of  a  synergistic  effect 
through  design  teams  composed  of  both  design  and 
manuf acturing  personnel.  Two  new  acronyms  are  presented. 

1.  PRAM— D,  Producibility,  Reliability,  Availability, 
Maintainability  and  Durability.  2.  DPEP,  Design 
Producibi lity  Engineering  and  Planning,  which  is  synonymous 
with  producibility  measures.  The  benefits  of  a  fully 


implemented  producibility  program  are  optimal  cost, 


schedule,  and  quality. 
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Chapter  I 


The  inherent  character  i  sties  of  modarn  military 
hardware  dasigna  provida  tha  manufacturing  commi  <ity  with 
graatar  challangaa  than  avar  bafora.  Damanding  parformanca 
specifications  of  modarn  aquipmant  placa  an  amphaais  upon 
functional  raquiramanta  that  follow  through  diractly  to  tha 
constraints  placad  upon  tha  manuf acturar .  A  stratagic  plan 
must  ba  davalopad  and  anforcad  from  vary  high  lavals  of 
authority  to  craata  an  acquisition  procass  that  providas  a 
formal  maans  of  dasign  d aval  op man t  wharatoy  nawly  ralaasad 
dasigns  hava  tha  nacassary  charactar istics  for  efficient 
production. 

Too  of tan  dasigns  hava  arrivad  at  production  plants  in 
a  mannar  analogous  to  tha  aarly  dal i vary  of  a  load  of 
cemant.  Although  in  tha  casa  of  tha  caaant  a  banaficial 
sansa  of  urgancy  has  baan  created,  tha  lack  of  tha  nacassary 
praparadnass  craatas  inafficiancy  and  wasta  for  tha  antira 
load  of  camant,  or  as  in  hardwara,  tha  antira  production 
run.  Praparadnass  hara  rafa^s  to  tha  dar*gn  engineering 
af  forts  at  astabl  i  'ihing  drawing  raquiramants  suitable  for 
production.  Tha  anginaaring  drawing  astabl ishas  a 
production  foundation  for  productivity,  afficiancy,  cost, 
labor,  scheduling,  and  quality,  which  can  be  made  no  batter 
than  tha  anginaaring  drawing  permits.  Product 
characteristics  that  establish  tha  level  of  ease  and  economy 
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of  manuf acture  have  bttn  termed  producibi 1 i ty.  Tha 
disciplina  of  Producibi 1 ity  Enginaaring  ia  conpoiad  of 
engineers  with  diverse  manufacturing  background*  that 
provida  manufacturing  input  into  anginacring  drawings  aa 
part  of  product  dasign  taams.  In  racognition  of  tha  naad 
for  a  formal izad  plan  for  implementing  a  producibi 1 i ty 
program,  this  writing  presents  a  stratagy  for  managing 
producibility  dasign  control  in  military  hardwara 
davalopmant  programa.  Tha  result  is  ralaasaa  to 
manuf acturing  of  dasigna  that  ara  inharantly  raady  for 
afficiant  production  in  tha  quantities  raquirad. 


Rational a  and  Background 


Tha  forarunnar  of  today's  anginaaring  drawings 
conaiatad  of  pictures  drawn  to  soma  seal  a  which  wara  uaad  by 
aingla  craftsman  for  building  antira  units  or  sub-units. 
Thar*  wara  no  considerations  regarding  interchangeability  or 
spare  parts.  As  technology  progressed  and  mass  production 
techniques  began,  more  data! Is  such  as  dimensions  and 
tolarancas  wara  added  to  angi nearing  drawings.  Assembly 
problems  craatsd  tha  job  of  fitter.  Conflicts  between 
dimensions  and  tha  picture  wara  resolved  by  giving 
dimensions  pracadance.  "Do  not  scale"  warnings  wara  marked 
on  drawings.  The  rule  became  to  provida  dimensions  just 


sufficient  to  define  tha  geometry.  One  dimension  more  or 
one  less,  was  and  is  still  today,  wrong.  (Hillyard,  1978). 
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For  any  particular  component  part,  there  arm  nuiwr  ou« 
dimensioning  and  talaranclng  schamas  which  provida  tha  tana 
comp  on  ant  -function.  Howavar,  aach  tchama  aatablishaa  and 
o-ftan  dictataa  a  specific  sat  o-f  manufacturing  procassas  to 
satisfy  tha  spacifiad  drawing  raquiramants.  Tha  bast 
tachnical  dasign  and  tha  bast  dasign  to  manufactura  do  not 
coincida  automatically,  but  raquira  dadicatad  dasign  afforts 
to  raach  that  stats  as  shown  in  figura  1.  Producibi lity  is 


Saa  Figura  1 


concarnad  with  astablishing  drawing  raquiramants  that  will 
yiald  favorabla  conditions  for  manuf acturing  whila 
maintaining  tha  corract  functional  naads  of  the  dasignar. 
Tha  craation  of  angi nearing  drawings  oust  includa 
producibi lity  const dar at ions  to  astablish  raquiramants 
suitable  for  afficiant  manufacturing. 

Statamant  of  Problem  and  Need 

Tha  significanca  and  potantial  banafits  of 
producibi 1 i ty  dasign  control  bacama  apparent  during  World 
War  II.  Tha  industrial  mobilization  created  the  necessity 
to  radasign  particular  hardware  to  reduce  manufacturing 
problems  and  to  enhance  their  ease  of  manufactura.  Tha 
mobilization  provided  evidence  of  a  lack  of  production 
readiness  that  necessitated  untimely  engineering  changes  or 
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complete  redesigns.  Prior  to  World  War  II,  a  designer’s 
priaary  con  earn  regarding  production  warn  that  tha  products 
could  indaad  ba  manu-f acturad.  Tha  level  of  effort  raquirad 
to  produca  a  product  has  bacaaa  a  concarn  dua  to  incraasad 
labor  costs,  incraasad  sophistication  of  products,  and 
tachnology  advancas  in  Materials,  Manufacturing  processes, 
and  inspection  techniques  (DOD, 1964, p. i i i > . 

Formal  producibi 1 i ty  efforts  can  eliminate  design 
requirements  that  require  processing  operations  deemed 
unwarranted  for  product  function  that  would  otherwise  have 
been  applied  to  each  component  part  produced  over  the  life 
of  the  production  run.  An  example  of  this  type  of  excess 
cost  is  exemplified  by  dimensional  constraints  being  placed 
upon  a  clearance  hole  that  can  only  be  obtained  by  a  reaming 
or  double  drilling  manufacturing  process.  8ince  this 
process  is  strictly  a  cost  increase  and  can  be  readily 
accomplished  by  manuf acturing,  a  design  change  after  drawing 
release  to  eliminate  the  requirement  is  unlikely.  This 
additional  and  unnecessary  cost  would  continue  for  the 
production  life  of  the  item. 

Establishing  product  part  tolerances  is  c,i»  of  the  most 
important  duties  of  the  product  design  engineer.  Excessive 
cost  and  production  inefficiency  can  result  fi  am  tolerances 
which  are  too  tight  or  too  loose.  Tight  tolerances  create 
manufacturing  and  inspection  problems  while  loose  tolerances 
cause  assembly  and  installation  problems.  The  bread  range 
of  equipment  and  process  capabilities  that  a  designer  must 


havs  knowledge  of  makes  necessary  axtanaiva  aducation  and 
experience.  A  management  atratagy  combining  the  experienced 
dasignar  with  a  product bi 1 i ty  anginaar  will  provida 
motivation  for  raducing  tha  designer’s  tandancy  to  spacify 
unnacasaar i 1 y  tight  tolarancaa,  which  ia  a  long  standing 
problam  in  tha  design  ayatam.  John  H.  Laaman  < 1903, p. 31), 
haa  ah own  that  tha  tandancy  to  ovar  tolerance  ia  dua  to: 

1.  Engineering  aducation  cultivates  a  tandancy  towards 
praci ai on. 

2.  Tight  tolarancaa  ara  apacifiad  dua  to  faara  of 
intarfaranca  or  axcaaaiva  claaranca  batwaan  mating  parta. 
Enginaaring  philoaophy  ia  that  it  ia  aafar  to  arr  on  tha 
aida  of  tight  tolerancing.  Thia  ia  not  nacaaaarily  a  good 
approach  for  a  profit  making  organization. 

3.  Rapeating  tolerances  from  eimilar  pravioua  daaigna 
which  may  hava  been  unreal iatic  originally. 

4.  Sal  acting  tolarancaa  from  company,  vendor  or 
induatry  design  atandarda  which  tend  to  favor  tight 
tolarancaa.  An  example  ia  drill  aiza  tolaranca  charta  which 
ara  intended  to  promote  tha  aale  of  new  drilla.  Hole  aiza 
accuracy  bagina  to  creep  up  on  tha  tolerance  limits  after 
drilling  just  a  few  holes.  The  result  ia  increased 
froquancy  of  drill  sharpening  and  replacement. 

3.  Tight  tolarancaa  ara  often  considered  synonymous 
with  good  quality  or  achieving  performance.  Thera  is 
usually  no  correlation. 

Unreasonable  tolerances  placed  upon  tha  manufacturing 
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community  have  contributed  mi gni f icantl y  to  thm  rapidly 
escalating  acquisiticn  costs  of  military  hardware  within  thp- 


past  20  years.  Producibi 1 i ty  design  control  applies  to  and 
benefits  one  of  a  kind,  1 jw  quantity,  and  mass  production 
operat ions. 

The  problem  in  this  writing  is  to  provide  specific 
management  strategies  for  achieving  maximum  product bi 1 i ty 
design  control  in  military  equipment.  Management  aspects  of 
a  producibi 1 ity  program  that  are  part  of  the  strategic  plan 
include,  who  has  the  responsibility  for  what,  where 
milestones  should  be  placed,  why  the  producibility  efforts 
are  required,  and  how  to  reach  the  objectives  of 
producibi 1 i ty  design  control. 

Methodology  and  Procedures 

The  system  for  developing  this  project  began  with  an 
assessment  of  the  available  literature  on  producibility. 

The  specific  area  of  a  management  implementation  strategy 
for  producibility  principles  was  promptly  identified  as  an 
area  fundamentally  in  need  of  further  research,  evaluation, 
and  strategy  proposal  development.  The  research  was 
conducted  through  the  following  means. 

Extensive  bibliography  searches  included  the  use  of 
subject  guides  to  books,  Applied  Science  and  Technology 
Index,  and  the  Research  Quide  to  Periodical  Literature. 
Computerized  data  base  searches  including  the  Defense 
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Technical  In-formation  Cantor  (DTIC)  provided  additional 
sources  o-f  ralatad  subject  mattar  including  matarial  from 
soma  vary  obscura  journals.  Bibliographies  from  collactad 
data  providod  further  avanuas  for  tha  rasaarch. 

Additional  insight  into  tha  subjact  was  provided 
through  comprehensi va  discussions  with  recognized  experts  in 
tha  field  including  raprasantnti ves  from  government,  prime 
contractors,  subcontractors,  and  private  industry.  Reviews 
of  prime  and  sub-contractor  producibi 1 i ty  programs  and 
detailed  producibi 1 i ty  reports  ware  reviewed  in  searching 
for  a  common  denominator.  A  wide  variation  in  the 
application  of  producibi 1 ity  principles  was  evident,  even 
within  different  departments  of  the  same  company. 

Extensive  personal  a. variance  in  the  <iald  has 
provided  a  foundation  for  the  study  as  well  as  motivation  to 
provide  a  basis  for  improvement  action.  Relevant  data  on 
producibi 1 ity  as  well  as  specific  product  producibi 1 ity 
improvements  are  primarily  qualitative  in  nature.  Very 
limited  quantitative  information  is  available  due  to  the 
amount  of  time  and  the  expense  required  in  determining 
actual  cost  differences.  Sources  of  information  included 
but  were  not  limited  to: 

1.  Technical  papers  presented  at  professional  society 
meetings. 

2.  Journals,  periodicals  and  textbooks. 

3.  Industry  guidebooks. 
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4.  Company  drafting  standards. 

3.  Master's  tnesis  and  doctoral  disssrtations. 

6.  MIL-STD-152S,  Production  Management. 

7.  DOD  Directive  4245.7,  Transition  from  Development  to 
Production^ 

8.  DOD  Dirsctivs  4245.6,  Defense  Production  Management. 

9.  DOD  Dirsctivs  5000.1,  Acquisition  of  Major  Dsfsnss 
Sys tarns. 

10.  MIL-HDBK-727,  Military  Handbook,  Dssign  Guidancs  for 
Producibi 1 i ty. 

Applicabla  information  Mas  gatharad  and  formulatad  into 
a  modal  of  tha  dasirad  thaoratical  condition  to  ba 
astabl i shad  as  a  goal.  On  sita  analysis  of  a  Dafensa 
Dap art man t  prims  contractor's  producibi i i ty  wt forts  mss 
utilizad  in  contrast  with  tha  thaoratical  modal  in 
davalopmant  of  tha  managamant  stratagy  proposal. 


Study  Limitations 

This  writing  addrassas  produci bi 1 i ty  in  tha  acquisition 
procass  for  tha  davalopmant  of  military  hardwara.  Minimal 
comparative  rafaranca  is  made  to  commercial  hardwara 
davalopmant  due  primarily  to  different  environmental  factors 
in  areas  such  as  competition,  product  liability  and  sources 


o-f  -funding.  Historical  development  of  the  need  for 
producibility  and  the  currant  status  will  bs  addressed. 

Definition  of  Turns 

Definition  of  tha  following  spacializad  terms  and 
used  in  this  writing  are  presented  to  provide  a 
common  foundation  for  the  reader. 

DIPP.  Design  Induced  Production  Problem.  Generally  a 
manufacturing  problem  that  could  have  been  avoided  by  the 
design  agency  through  engineering  drawing  requirements.  A 
DIPP  occurs  when  a  manufacturing  problem  can  not  be  resolved 
through  process  changes.  Included  are  design  requirements 
that  are  not  within  the  realm  of  manuf acturing  capabilities. 

DPEP.  Dsaign-PEP.  (pronounced  dee— pep) »  The  Advanced 
Production  Engineering  function  of  Producibility  Engineering 
and  Planning  (PEP) ,  that  is  responsible  for  producibility 
design  assurance  of  the  Technical  Data  Package  (TDP).  Also 
referred  to  as  produci bi 1 i ty  measures.  See  PEP. 

Drawing  Review.  An  organized  activity  providing  the 
opportunity  for  a  structured  critical  review  of  drawing 
requirements  and  their  corresponding  function.  Drawing 
reviews  should  be  conducted  during  each  development  phase  of 
concept,  layout,  and  detail,  including  assembly  and 
installation  drawings. 

Frozen  design.  A  frozen  design  prohibits  changes  to 
the  design.  Usually  occurs  just  prior  to  design  completion 
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and  whan  schedule  takas  orecedence. 

Hiddan  costs.  Tima  and  money  ax pan dad  that  is  not 
diractly  raflactad  in  tha  cost  of  an  item.  An  ax  amp  la  is 
tha  resolution  o-f  di sagraamants  ovar  drawing  requirements 
batwaan  manufacturing  and  inspection.  High  quality  costs 
also  may  not  ba  reflected  in  item  prices. 

0D&T.  Qaomatrlc  Dimensioning  and  lol ar ancing  ,  tha 
language  of  both  producibi.  1  ity  and  of  engineering.  Formally 
outlined  in  tha  American  National  Standards  Institute,  ANSI 
Y14.5  specification,  which  provides  rules  for  placement  of 
tha  requirements  of  tha  designer  onto  engineering  drawings. 

PEP.  Producibi 1 ity  Engineering  and  Planning,  the 
production  engineering  tasks  and  production  planning 
measures  undertaken  to  ensure  timely  and  economic  transition 
from  the  development  to  the  production  phase  of  a  program. 
See  DPEP. 

Producibi 1 ity.  The  relative  ease  of  producing  an  item 
or  system.  This  is  governed  by  the  characteri sties  and 
features  of  a  design  that  enable  economical  fabrication, 
assembly,  inspection,  and  testing,  using  available 
production  techniques. 

PRAM-D.  Producibi 1 ity,  Reliability,  Availability, 
Maintainability,  and  Durability.  A  program  to  improve 
these  characteri sties  by  influencing  the  basic  design 
criteria.  This  writing  adds  producibi J i ty  to  the  well 
established  FAM-D  programs  in  recognition  of  the  need  for 
design  improvements  to  enhance  product  producibility  during 
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production. 

PRR.  Production  Readiness  Review,  a  -formal  design 
review  to  determine  whether  the  design  is  ready  -for 
production.  Usually  conducted  after  the  design  has  been 
-frozen,  a  time  when  changes  are  actually  discouraged. 

Source  control  drawing.  A  drawing  depicting  an  item 
that  may  only  be  obtained  from  the  sources  listed  on  the 
drawing. 

TDP.  Technical  Data  Package.  Documentation  including 
drawings  and  specifications  that  constitute  a  product 
definition.  Drawings  control  and  delineate  shape,  form, 
function,  and  interchangeability  of  an  item.  Documentation 
must  be  sufficiently  defined  to  permit  a  competent 
manufacturer  to  produce  an  item  without  ret ourse  to  the 


design  agency 


Chapter  1 1 


Review  of  Literature 

Information  on  tha  characteristics  and  various 
i mplamantati on  philoaophiaa  of  producibi lity  is  a 
disci pi ina  is  aval  labia  from  all  branchas  of  tha  military,  a 
variaty  of  rommarcial  product  davalopmant  industrias,  and  is 
addrassad  in  ona  form  or  anothar  in  many  fraa  world  nations. 
Tha  common  danominator  is  recognition  that  tha  davalopmant 
and  acquisition  process  of  military  hardware  mandates  a  team 
design  effort  with  the  objective  of  creating  designs  havin' 
favorable  characteristics  of  producibi 1 i ty.  Systematic 
communication  and  coordination  between  product  design 
engineers  and  manufacturing  engineers  must  begin  early  in 
tha  design  process. 

Design  agencies  are  accepting  their  responsibility  for 
creating  designs  that  meet  technical  performance  goals  as 
well  as  a  level  of  requirements  that  manufacturing  can  build 
to.  History  has  consistently  demonstrated  the  wisdom  of 
this  team  mixture  of  expertise.  As  Roy  Rothwell  <1984, 
p.90)  points  out,  an  engine  manufacturer  had  expended  five 
years  designing  a  new  engine.  A  two  year  technical  lead 
over  their  competition  and  strong  positive  market  research 
provided  cause  to  proceed  rapidly  into  full  scale 
production.  The  design  department  had  functional  design 
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areas  that  war*  rigidly  compartmental i xed.  Cans* quant  1 y, 
the  production  department  had  vary  littla  input  into  tha 
angina’s  davalopmant.  Only  aft ar  tha  dasign  was  ralaasad  to 
production  wara  tha  many  production  difficultiaa  uncovarad 
and  tha  consequence  was  a  two  yaar  dal  ay  ir>  production. 
Meanwhile,  a  competitor  antarad  tha  markat  with  a  similar 
angina  and  tha  initial  markat  lead  was  lost. 

Historical  Parspoctiva 

As  ralatad  by  Wallis  ( 1969, p. 10),  tha  aarliast  known 
anginaaring  drawing  datas  back  to  about  2400  B.C. ,  and  was 
drawn  on  a  stona  tablat.  Although  anginaaring  drawings  hava 
baan  around  sinca  that  tima,  tha  application  of  tolarancas 
and  tha  racagnition  of  allowabla  dimansional  variations  did 
not  appaar  until  aftar  1890.  Tha  Industrial  Revolution  and 
concepts  of  mass  production,  interchangeable  parts,  and 
multiple  manuf aciuring  sources  hava  stimulated  universally 
accepted  drawing  standards  and  commonality  of  interpretation 
of  tha  written  anginaaring  language  between  engineer, 
dr af taper son,  production,  inspection,  and  the  product  user. 

Prior  to  1890,  the  system  used  for  product  acceptance 
was  tha  contract  system.  Under  this  system  the  criteria 
for  accepting  an  item  and  the  valuation  of  it’s  quality  was 
based  solely  on  performance.  If  tha  item  did  what  it  was 
supposed  to  do,  it  was  purchased,  otherwise  it  was  returned. 
The  philosophy  today  is  perhaps  completely  opposite. 


Ptrfornanci  is  not  necessarily  the  responsibility  of  the 
manuf sctursr ,  rather,  if  sn  item  is  built  to  the  drawing, 
and  doss  not  do  shat  it  is  suppossd  to  do,  ths  problem 
becomes  a  design  problem  and  is  the  responsibility  of  the 
designer.  An  item  that  conforms  to  it's  drawing 
requirements  must  La  accepted  and  paid  for.  This  is  logical 
since  the  manufacturer  has  fulfilled  the  contractual 
obi igations. 

The  reason  for  a  focus  on  engineering  drawings, 
tolerances,  and  interpretati on  of  drawing  requirements  in  a 
study  on  the  implementation  of  a  producibility  program  is 
that  these  drawings  are  the  communication  medium  between 
disciplines.  Producibility  has  become  an  umbrella 
encompassing  the  entire  development  and  acquisition  process. 
Producibility  is  directly  related  to  the  engineering  drawing 
which  is  the  common  focus  of  all  the  various  disciplines 
such  as  design  engineering,  production  engineering,  quality 
assurance,  product  assurance,  purchasing,  project 
management,  and  of  course  the  end  item  user. 


Evolution  of  Produci bi 1 i ty 

The  roots  of  producibility  as  a  discipline  follow  the 
characteri sties  of  production  planning  and  advanced 
production  engineering.  By  definition,  producibility 
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involves  a  complete  •■••■■ntnt  of  the  total  aval  labia 
resource*  to  accomplish  the  production  r®qui r*#,snti  of  a 
particular  design,  including  the  availability  o-f  in  house 
and  subcontractor  rviourcn-  Dimensioning  and  tolerancing 
decisions  an  an  everyday  part  of  achieving  the  delicate 
balance  between  -Functional  design  requirements  and 
manuf actur ing  c«p«b3  1  itiss. 

Creation  of  produci bi 1 i ty  characteristics  of  a  product 
have  in  the  past  been  strictly  limited  to  the  design 
engineer,  who  would  review  functional  specifications, 
develop  a  concept,  create  detail  drawings,  and  release  the 
completed  design  to  production.  As  Pertowski  < 1780, p. 1 128) 
relates,  this  has  been  when  manufacturing  becomes  involved. 
Designs  are  complete,  therefore,  only  minimal  improvements 
for  production  efficiency  would  be  permitted. 

Special  emphasis  has  been  given  to  produci bi 1 i ty  in 
recent  years  due  to  rapid  increases  in  procurement  costs 
when  production  operations  begin.  Cost  escalations  higher 
than  they  should  be.  Analysis  usually  indicates  that  while 
the  product  meets  it's  functional  purpose,  the  product  lacks 
the  characteri sties  for  economic  and  efficient  production. 

The  two  major  functions  of  advanced  production 
engineering  (»«re  separated  in  1973  by  the  Defense 
Department.  Initial  Production  Facilities  (IPF),  which  are 
hardware  related  items  such  as  tooling  and  production  line 
setup  equipment,  was  to  continue  to  operate  with  procurement 
funds.  Th#  other  major  function  which  is  software  oriented 


toward  drawing*  and  manufacturing  process**  art  production 
engineering  naaturta,  now  called  producibi 1 ity  and  planning. 
Producibi 1 ity  and  Planning  is  accomplished  with  Research  and 
Development  <R&D>  funds.  The  result  is  that  producibi 1 ity 
efforts  have  had  to  compete  with  other  RfeD  efforts  for 
resources.  Design  engineering  problems  have  usually  taken 
precedence  over  produci bi 1 i ty  for  funding.  Generally, 
remaining  funding  for  producibility  is  too  little  too  late. 

The  necessity  and  potential  benefits  of  producibility 
is  currently  receiving  attention  from  the  highest  of 
authority  levels.  Gilbert  Tallar  <1984, p. 11),  a  govirnaant 
consultant  on  producibi  1  i ty,  relates  the  mmphatic  comments 
of  Commanding  General  Donald  R.  Keith,  "There  are  no 
activities  in  the  weapon  system  acquisition  process  that 
demand  greater  attention  than  those  directed  toward  assuring 
effective  transition  of  developed  hardware  into  efficient 
production."  The  importance  of  producibility  analysis  and 
it's  place  in  the  design  intensive  phase  is  generally 
recognized  today. 


Trends 

Increasing  numbers  of  industrial  firms  in  both 
military  and  commercial  business  have  started  formal 
producibility  functions  in  recent  years.  The  name*  may  be 
different.  Ford  Motor  Company  calls  it  simultaneous  or 
concurrent  engineering  ("Ford’s  Betti  ",  1983) .  The  British 
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refer  to  it  as  makesbility.  To  many  others  it’s  simply  the 
concept  o-f  up-front  designing  -for  production.  The  complexity 
o-f  modern  design  and  manu-f acturing  is  bsyond  individual 
dssign  capabilitims  and  mandatss  team  ef forts. 

Produci bi  1  i ty  s-f forts  now  endeavor  to  dsvslop  equipment 
and  systems  at  thm  lowest  cost  and  the  minimum  lead  times 
for  dmlivmry  while  not  dsgrading  other  design  specifications 
such  as  performance,  reliability,  and  maintainability. 
Produci bi 1 ity  efforts  usually  have  positive  effects  that 
enhance  these  other  design  character i sti cs. 

Trends  are  toward  creating  stiff  functions  with  the 
mission  of  produci bi 1 ity  design  assurance.  The  age  old 
barriers  between  design  and  manuf actur ing  do  not  become  any 
less  when  manuf acturing  expertise  is  placed  in  the  design 
room.  Trade-off  decisions  occur  in  reaching  compromises. 
Function  takes  precedence  over  producibi 1 ity  in  drawing 
requirement  decisions.  Producibi 1 i ty  changes  that  occur  are 
manufacturing  enhancements  that  do  not  degrade  function,  and 
last  for  the  production  life  of  the  design.  The  project 
manager,  directed  by  the  customer,  has  the  responsibility 
for  implementing  produci bi 1 i ty  into  each  program.  The 
frequency  of  contractual  requirements  and  management 
commitments  are  steadily  increasing  toward  the  goals  of 
producibi 1 ity  design  control  throughout  the  acquisition 


Literature  Review  Summary 


Producibi 1 i ty  as  a  disciplined  design  approach  has 
evolved  out  o-f  a  need  due  to  production  problems  in 
efficiency,  timeliness,  productivity,  and  cost,  resulting 
from  design  and  technology  advances  and  the  high  levels  of 
complexity  in  modern  equipment  acquisition.  The  need  and 
benefits  from  producibility  have  been  identified  and 
established  by  the  Department  of  Defense.  The  method  of 
application  of  producibility  de-tgn  control  varies 
throughout  industry. 

Refinements  in  the  application  of  producibility  during 
the  design  intensive  phase  of  product  development  need  to 
occur  in  the  methodology  used  for  implementing 
producibility  design  control.  The  key  to  creating 
production  ready,  producibility  enhanced  designs  is  to  keep 
a  constant  consideration  for  production  in  the  beginning  and 
throughout  the  design  process. 


Chapter  III 


Study  and  Analysis  o-f  Data 

During  the  evaluation  o-f  various  imp  lamentation 
strategies  -for  producibi  1  i ty  design  inputs,  certain 
strategies  stand  out  as  more  effective  in  creating 
producible  designs.  Competition  differences  between 
military  and  commercial  design  development  cause  their 
producibi 1 ity  efforts  to  be  treated  differently. 

The  end  user  in  commercial  designs  is  not  concerned  with  the 
levels  of  difficulty  in  manuf acturing  the  product  — 

Commercial  designers  must  by  the  nature  of  the  competitive 
factors  in  their  product  market,  obtain  efficient  production 
by  designing  for  high  levels  of  producibi 1 ity. 

Military  equipment  markets  are  limited  in  quantity  and 
often  to  one  customer.  Creating  produci bi 1 i ty  enhanced 
designs  require  increased  time  and  labor  during  the  deulgn 
process.  Fixed  cost  design  contracts,  producibi 1 ity  funding 
from  RfcD  sources,  and  schedule  constraints,  easily  place 
producibi 1 ity  considerations  at  a  lower  priority.  The 
military  customer  literally  buys  the  design  and  then  pays 
what  it  takes  to  build  to  the  design.  The  commercial 
customer  buys  the  product  and  not  the  design.  These 
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dif f rrcn  art  ncctiaary  due  to  the  logistics  ncada  or  the 
military,  and  are  not  the  issue  here.  Rather,  thay  axplain 
tha  naad  -for  military  cuitoaar  support  o-f  producibi  1  i ty 
dasign  control. 


Davalopmant  Procass 

Figura  2  (Mediratta, 1980, adaptad)  dapicta  ralativa  cost 
varsut  tha  dasign  davalopmant  procass,  a  function  of  tima, 
for  both  total  systams  and  individual  components. 

Producibi 1 ity  is  a  continuous  procass  that  can  benefit  each 
acquisition  phase  as  wall  as  tha  total  cycle.  It  is 


Sea  Figura  2 


important  to  note  that  tha  cost  reduction  potential  as  wall 
as  the  cost  to  implement  tha  producibi i ity  changes,  provide 
tha  greatest,  potential  for  savings  if  producibi  1  ity 
considerations  recaiva  early  attention.  Further,  tha  place 
that  producibi lity  has  bean  implemented  historically 
provides  only  a  portion  of  tha  total  potential  savings  that 
would  result  if  implemented  sooner.  Delayed  implementation 
results  in  higher  costs  to  incorporate  producibility  changes 
into  the  desig  j. 

Producibility  enhanced  designs  can  occur  from  taking 
more  calendar  time  in  the  validation /layout  phase  and 
correspondingly  less  calendar  time  in  the  full  scale 
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development/detai  1  phase.  B«tic«lly,  con»i derations  for 
production,  which  usually  occur  during  full  seals 
development ,  ars  accompli  shad  sarlisr  during  tha  validation 
phase.  This  up-front  development  would  coot  more  on  the 
short  term  since  there  are  usually  several  contractor/design 
concepts  in  this  phase.  However,  the  selection  of  a 
particular  contr actor /design  that  had  the  up-front 
development  and  production  considerations  built  into  the 
design  will  provide  the  long  term  benefits  and  will  lead  to 
the  shortened  acquisition  cycles  that  have  recently  been 
established  as  major  Department  of  Defense  goals 
(Thompson, 1984, p. 10) .  Concentration  on  designing  for 
producibility  will  reduce  the  need  for  Production  Readiness 
Reviews  which  usually  occur  long  after  a  design  has  been 
frozen  and  just  prior  to  entry  into  production. 

Various  levels  of  drawings  are  developed  during  the 
design  process,  the  first  being  level  1,  prototype  drawings, 
which  as  a  minimum  describe  sufficient  detail  to  produce  the 
components.  Level  2  drawings  are  intended  for  low  rate 
production  and  are  usually  not  created  so  as  to  expedite 
the  development  process  into  production.  Drawings  released 
for  production  are  generally  of  the  level  3  status, 
completely  delineated  and  properly  formatted.  The  tendency 
has  been  not  to  emphasize  production  considerations  for 
level  1  drawings  and  to  incorporate  production 
considerations  into  level  3  drawings.  Two  factors  block 
producibility  improvements  at  conversion  to  level  3.  One, 
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hardware  is  validated  to  the  level  1  configuration  and 
tharafors  establishes  a  functional  precedent  of  the 
requirements.  Any  changes  lead  to  questions  of  the 
integrity  of  the  validation.  Second,  requirements  that  have 
previously  been  put  on  a  drawing  are  treated  as  sacrosanct. 
Generally  it  is  to  late  if  we  want  to  make  major 
producibi i i ty  changes  at  the  level  3  drawing  conversion. 

The  difference  between  these  levels  of  drawings  should  only 
be  regarded  as  format  or  neatness.  Dimensions  and 
tolerances  must  always  be  evaluated  for  production  at  the 
level  1  stage. 


Environmental  Principles 

As  the  development  of  an  effective  strategy  plan  for 
producibi 1 ity  design  control  was  being  formulated,  certain 
philosophies  evolved  which  established  program  management 
principles.  Management  must  understand  the  following 
principles  as  foundations  for  a  strategic  action  plan. 

First,  the  design  agency  often  has  a  tendency  of 
resistance  against  produci bi 1 i ty  changes.  Producibi 1 ity 
requests  for  design  modification  to  enhance  manuf acturing 
are  often  regarded  as  challenges  to  the  design  engineer’s 
previously  established  requirements  and  personal  ability  to 
establish  those  requirements.  The  producibi 1 i ty  function 
must  meet  organizational  and  customer  objectives  by 
utilizing  limited  resources  and  coping  with  diverse  elements 
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in  environments  that  often  become  hostile.  The  designer 
frequently  believes  an  item  meets  produci bi 1 i ty  criteria  as 
long  as  it  can  be  produced  by  some  means*  which  is 
demonstrated  by  completion  of  the  prototype.  Consider ations 
must  include  the  level  of  production  difficulty  required  to 
meet  drawing  requirements  and  that  drawing  changes  to 
improve  producibi 1 ity  are  mandatory.  In  some  instances 
judgemental  decisions  are  made  favoring  design  or 
producibi 1 i ty  proposals. 

Second*  the  responsibility  for  the  producibi 1 ity  of 
the  TDP  rests  completely  with  the  design  agency.  When 
releasing  designs  for  production*  drawings  must  be  released 
with  requirements  that  are  within  manufacturing  process 
capabilities  for  the  desired  production  quantities. 
Conversely*  manufacturing  is  not  responsible  for  the 
producibi 1 ity  design  characteristics.  Manuf acturing  is 
tasked  with  the  planning  and  procedures  necessary  for 
obtaining  the  drawing  requirements.  Sieply  stated*  when 
production  problems  cannot  bs  rssolved  through  process 
changes,  the  problems  shift  from  manuf acturing  problmms  to 
dmsign  problmms  requiring  design  agency  corrective  action  to 
the  engineering  drawings  <"You’re  wrong  if  ",  1981, p. 53) • 

Third,  the  responsibility  for  demanding  formal 
producibi 1 ity  efforts  of  squipment  developers  rests  firmly 
with  ths  government.  Producibi 1 ity  program  requirements  are 
enforced  through  thm  program  manager.  Since  the  governeent 
is  purchasing  ths  product  design,  ths  primary  benefit  of  a 
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producibility  program  is  to  ths  govsrnmsnt  in  assuring  a 
product  that  is  structured  tor  sconomic  production.  Ths 
goals  of  producibi 1 i ty  are  well  within  the  realm  of  what 
contractors  strive  for.  However,  the  reality  is  that 
producibility  efforts  increase  development  cost  and 
development  delays  outside  of  product  performance 
considerations.  Consequently,  a  program  without  direct 
lines  of  authority  strong  contractual  requirements,  and 
proper  funding,  ,..-y  result  in  a  “rubber  stamp"  approval 
operation. 

Fourth,  the  discipline  of  producibility  is  an 
assurance  function.  The  product  designer  is  still  the 
designer.  Guidance  and  support  in  providing  manuf acturing 
input  and  expertise  is  the  role  of  the  producibility 
engineer.  The  producibility  engineer  is  also  a  source  of 
verification  to  the  designer  of  manuf acturing  problems  and  a 
source  of  verification  to  manufacturing  of  the  design  needs. 

Fifth,  engineering  drawing  signature  approval  on  the 
original  master  drawings  by  representati ves  of  the 
producibility  organization  prior  to  procurement  action  or 
production  release  is  mandatory  to  effect  the  necessary 
authority  to  support  the  responsibility  for  producibility 
assurance  (Pertowski , 1980, p. 1 133) .  Signature  authority 
provides  motivation  to  effect  producibility  improvements. 

Sixth,  the  criteria  for  producibility  objectives  is 
not  cost,  rather  cost  effectiveness.  This  is  a  function  of 
time,  value  and  dollars  (DGD, 1984, pp. 1-1 1 > .  Cost 


effecti veness  includes  such  difficult  parameters  to  measure 
as  quality  and  production  efficiency  which  actually  bag in 
with  tha  first  stroka  of  tha  designer's  pancil. 

Mr.  S.J.  Lorber,  Director  of  Product  Aasuranca  and  Testing, 
U.S.  Army  Matarial  Davalopmant  and  Raadinass  Command,  notad 
at  a  PEP  Conf aranca  ("Conferees  cita" , 1983, p. 7) ,  that 
quality  and  producibi 1 i ty  ara  inseparable.  Larga  quantitias 
of  monay  and  affort  ara  saent  on  ach laving  and  maaauring 
quality  in  tha  production  facilitias.  Producibi 1 ity 
maaturns,  or  what  is  introduced  harm  as  Dasign  Producibi 1 ity 
Engine*- -ing  and  Planning,  <DPEP) ,  ara  afforts  to  placa  into 
dasigns  from  thair  vary  conception  tha  character! sties  of 
quality  such  that  tha  parameters  generated  by  the  designs  in 
dimensioning  and  tolerancing  drawings  are  within  the  realm 
of  realistic  manuf acturing  capabilities.  Only  then  can 
efforts  at  achieving  true  product  quality  be  within  reach. 

These  precepts  form  the  basis  for  the  development  of  a 
producibi 1 i ty  design  control  program.  Understanding  the 
conflicting  nature  of  environmental  factors  that  occur  when 
combining  manuf acturing  and  design  people  is  essential.  The 
proper  assignment  of  producibi 1 i ty  problem  resolution  to 
manufacturing  problems  or  problems  that  can  only  be  resolved 
through  design  changes  to  the  TDP  is  frequently  difficult 
and  addressed  by  "band-aid"  types  of  corrective  action.  A 
producibi 1 i ty  group  that  is  neutral  and  unbiased  to 
manufacturing  or  design  has  the  ability  to  direct  the  ideal 
solution  for  long  range  benefits. 


Placement  of  the  Product bi 1 i ty  Organization 


The  group  responsible  -for  producibi  1  i  ty  should  be 
established  as  a  staff  -function  within  a  matrix 
organization.  As  previously  stated,  the  importance  of 
enforcement  through  the  individual  program  manager 
necessitates  a  second  reporting  relationship.  The 
functional  identity  provides  for  economic  utilization  of 
expertise  and  resources  when  accomplishing  task 
assignments.  This  reporting  structure  maintains  he 
linkage  between  various  elements  of  the  organization  while 
the  second  reporting  requirement  through  the  program  manager 
places  emphasis  upon  the  specific  task  responsibilities. 

This  dual  reporting  relationship  provides  an  optimization  of 
goals  and  resources  (Rowe, 1982, pp. 236-246) . 

One  specific  functional  department  must  be  re c(,  sized 
as  the  representative  of  the  production  organ! zation  which 
includes  purchased  parts,  in-house  manufacturing,  asseir  ly 
and  installation.  This  producibi 1 ity  organization  mu  - '  have 
approval  and  disapproval  authority  of  design  data,  extensive 
and  continuous  feedback  with  design  engineering  and  the 
various  production  facilities,  and  be  staffed  with  highly 
competent  technical  people.  The  correct  structuring  of  the 
producibi 1 ity  function  will  be  effective  during  the  concept, 
validation  and  full  scale  development  phases,  and  then  be  in 


a  position  to  maintain  producibi 1 ity  design  control 
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throughout  the  production  cycle.  There  irt  several 
alternatives  to  consider  for  placement  of  the  product bi 1 i ty 
function  within  the  matrix  organization. 

1.  Da  not  have  a  designated  functional  element  of 
producibi 1 i ty.  This  approach  would  leave  the  attainment  of 
producibi 1 i ty  goals  to  the  other  functions  involved  with 
design  development.  This  is  what  has  existed  and 
historically  produced  many  examples  of  poor  producibi 1 it /. 
The  concept  of  not  having  a  designated  function  is  presented 
here  only  since  that  is  still  a  possible  approach.  Upon 
agreeing  to  the  need  for  produci bi 1 i ty,  the  question  becomes 
how  much  and  where  to  structure  the  producibi 1 ity 
organization  to  create  an  effective  focal  point  within  the 
design  agency. 

2.  Structure  the  producibi 1 ity  function  under  the 
product  design  or  systems  engi nearring  function.  This  is  the 
place  that  has  total  design  responsibility  and  therefore  is 
best  able  to  incorporate  produci bi 1 i ty  goals  into  designs. 
However,  this  would  lead  to  a  conflict  of  interest;  in  that 
there  would  be  no  system  of  checks  and  balances.  We  have 
established  producibi 1 i ty  as  an  assurance  function  and  as 
such  the  reporting  chain  of  command  must  be  separate  from 
that  of  the  design  engineer.  This  avoids  situations 
compromising  the  long  term  benefits  of  produci bi 1 i ty 
objectives  for  short  term  development  problems. 

3.  The  producibi 1 1 ty  function  could  be  structured 
within  the  manuf actur ing  operation.  This  would  place  the 
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product bi  1  i ty  parsonnal  in  a  vtry  biaud  situation  that 
would  also  nagata  a  sy  stain  of  chacka  and  balancaa.  Furthar, 
not  all  of  tha  dasign  aay  go  to  tha  sama  manufacturing  araa 
«inca  subcontractors  may  build  cartain  componants.  Tha 
actual  manufacturar  may  not  ba  idantifiad  at  tha  aarly  staga 
of  dasign  davalopmant.  Usually,  dasigns  bacoma  somawhat 
unchangaabla  by  tha  tima  manuf acturing  racaivas  tham, 
laaving  marginal  room  for  producibi 1 i ty  i mprovamants. 

4c  Tha  producibi 1 ity  function  could  ba  structurad  undar 
tha  procuramant  oparation.  Again,  an  araa  that  usually 
baca«as  involvad  aftar  tha  dasign  has  bacoma  somavthat 
frozan.  This  araa  is  not  tachnically  cognizant  of  aithar 
tha  dasign  paraaatnri  nor  manufacturing  capabi 1 i ti as. 

PI  seaman t  hara  is  too  far  from  tha  dasign  activity  and  would 
ba  inaffactiva. 

5.  Tha  producibi 1 ity  function  could  bacoma  a  complataly 
naw  function  raporting  diractly  to  top  managamant  and 
situatad  within  tha  dasign  agaticy.  Building  intargroup 
linkagas  will  raquira  vary  datarminad  af forts.  This  group 
would  ba  somawhat  axtarnal  to  all  othar  functional  alamants, 
craating  graatar  obstaclas  to  succass.  Most  davalopmant 
programs  ara  not  larga  anough  to  support  tha  1  avals  of 
managamant  for  a  saparata  producibi lity  organizational 
structura. 

6.  Establish  tha  producibi 1 i ty  staff  function  undar  tha 
product  assuranca  organization.  Wa  hava  alraady  astablishad 
that  tha  producibi 1 ity  program  as  such  is  an  assuranca 
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function.  The  intergroup  linkages  exist  as  wall  as  tha 
system  of  chacks  and  balancas.  Producibi 1 i ty  will  parallal 
othar  aaiuranca  activltias  such  as  rali ability, 
maintainability,  quality  aisuranca,  and  human  factors.  All 
ara  groups  which  maintain  dasign  davalopmant  support 
throughout  tha  acquisition  procast. 

Regardless  of  tha  actual  placamant  of  tha 
producibi 1 ity  function  within  an  organizational  matrix,  tha 
producibi 1 ity  principlas  davalopad  hara  will  apply.  Tha 
achiavamant  of  tha  most  banaficial  raporting  ralationship 
for  tha  organization  is  also  assantial  for  raalizing  tha 
sought  aftar  balance  batwaan  dasign  requirements  and 
manuf acturing  capabi 1 i t i as.  This  group  has  tha  authority  to 
accapt  or  raj act  naw  or  modi f i ad  dasigns  basad  upon 
produci bi 1 i ty  critaria.  Tha  signatura  approval  authority 
must  ba  a  mandats  from  the  prograa  office  and  top  management 
within  tha  matrix  organization  toward  guaranteeing 
producibi 1 ity  in  within  tha  dasign  routing  cycle.  Tha 
producibi 1 ity  function  must  interface  batwaan  design  and  tha 
various  manufacturing  sources. 

Produci bil ity  Program  Plan 

Establishment  of  producibi 1 ity  engineers  as  integral 
components  of  tha  dasign  team  working  directly  with  tha 
product  engineer  and  tha  drafting  department  is  crucial  to 
tha  successful  incorporation  of  a  DPEP  plan.  No  longer  can 
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the  design  process  as  shown  in  figure  3  be  tolerated.  The 
high  cost  escalations  that  have  often  occurred  when 
production  begins  are  a  logical  extension  of  this  one-way 
communication  toward  manufacturing.  The  activity  block 


See  Figure  3 


that  shows  design  changes  for  functional  purposes  must  be 
expanded  by  an  effort  to  uncover  producibi 1 i ty  problems  and 
have  those  corrections  made  along  with  the  functional 
changes. 

The  DPEP  program  plan  establishes  the  organizational 
structure,  lines  of  authority,  responsibility, 
methodologies,  objectives,  monitoring  activities,  and  design 
process  flow  chart.  This  plan  should  not  be  confused  with 
the  actual  producibi 1 ity  analyses.  The  plan  is  prepared  by 
the  design  developer  prior  to  the  concept  phase  of 
development  in  accordance  with  the  contractual  request  for 
such  a  plan.  The  plan  shall  outline  a  program  of  regular 
formal  and  informal  producibi 1 ity  design  analyses  to  be 
conducted  on  each  design  element  being  developed,  and  the 
procedures  requiring  drawing  sign  off  by  the  DPEP 
representative.  The  plan  should  include  detailed 
procedures,  review  criteria,  and  checklists  for 
accomplishing  the  producibi 1 i ty  analyses. 

The  produci bi 1 i ty  plan  as  well  as  the  actual 


application  of  producibi 1 i ty  design  control  is  not  limited 


to  high  production  items,  but  is  also  applicable  to  low  rats 
production  and  svsn  one-of-a-kind  manufacturing  programs. 


(Gimigliano, 1983, p.2S) .  Various  government  agencies  are 
discovering  the  benefits  of  total  cost  reduction  and 
increased  product  quality  through  DPEP  efforts  even  in  low 
production  quantities.  Although  the  anticipated  production 
quantities  are  important  during  the  producibi 1 i ty  analysis, 
the  character i sties  of  a  design  that  enhance  the  ability  to 
produce  the  component  are  valid  for  whatever  quantity  is 
specified. 

Members  of  the  producibi 1 ity  team  must  be  highly 
capable  and  well  qualified  in  their  field  since  their  task 
is  that  of  reviewing,  improving,  and  approving  the  work  of 
other  functional  elements.  The  diversity  of  knowledge 
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production  engineering,  design  engineering,  quality 
assurance,  product  assurance,  materials  management 
(procurement ) ,  materials  engineering,  industrial 
engineering,  and  program  management.  Each  of  these  fields 
have  numerous  subfields  within  them.  In  production 
engineering  for  example,  there  is  material  removal,  forming, 
joining  (ie.  welding),  casting,  forging,  assembly,  etc. 
Since  knowledge  of  all  these  elements  is  virtually 
impossible  for  any  individual  to  have  or  to  expect  to  be 
responsible  for,  the  team  review  concept  is  established  as 
an  effective  tool  for  producibi 1 ity  analysis.  Producibi 1 ity 
team  members  are  selected  with  various  areas  of  expertise 


for  increased  coverage  o-f  the  design*  being  reviewed. 

U1  timatel  y ,  the  DPEP  team  must  earn  the  respect  of  both 
design  and  manufacturing  staffs. 

The  question  of  how  much  effort  to  put  into  the 
produci bi 1 i ty  review  of  a  drawing  is  important.  A  five 
minute  review  can  probably  affirm  that  a  component  is 
capable  of  being  produced.  Obviously,  an  in-depth 
consideration  of  the  necessary  processing  operations  and 
process  capabilities  for  building  to  the  design  can  not  be 
treated  lightly.  A  comprehensi ve  producibi 1 i ty  review  of  a 
drawing  will  include  design  review  efforts  of  several 
personnel  from  the  various  areas  of  expertise,  working  as  a 
team,  discussing  the  various  drawing  requirements,  their 
justification,  methods  to  meet  them,  and  drawing  improvement 
ideas.  These  reviews  must  occur  at  a  time  when  drawing 
change*  for  producibi 1 ity  can  readily  be  incorporated. 
Criticisms  are  not  to  be  piecemealed,  but  compiled  into 
composite  packages  prior  to  delivery  to  the  designer. 

Producibi 1 ity  reviews  are  one  activity  that  can  easily 
accept  increased  personnel  to  actually  hasten  the  review 
process.  The  ability  to  have  additional  produci bi 1 ity 
oriented  personnel  join  the  drawing  review  activity  should 
be  identified  in  the  DPEP  plan,  as  well  as  the  sources  of 
those  people,  such  as  manuf acturing  or  inspection.  This 
degree  of  flexibility  in  human  resources  is  good  in 
maintaining  an  orderly  review  process  and  avoiding  any 
bottlenecks  in  the  design  process. 
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Implementation  Strategy 


rie  importance  of  the  drawing  »ign  off  authority  for 
DPEP  cannot  be  overstated.  Although  sign  off  does  not 
redelegate  the  responsibility  for  creating  producible 
designs  away  from  the  product  engineer,  it  does  provide  the 
necessary  authority  to  the  DPEP  function,  and  is  a 
fundamental  portion  of  the  strategy  for  DPEP  input  to  the 
design  process.  Figure  4  outlines  a  systematic  procedure 
for  establishing  a  constant  formal  system  of  producibi 1 i ty 
assurance  as  an  ongoing  activity  within  the  design 
development  process.  Requiring  DPEP  as  a  part  of  the 
process  is  an  essential  element.  Note  how  the  opportunities 
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established  as  part  of  the  drawing  development  process. 


See  Figure  4 


This  flow  chart  provides  two  distinct  areas  for 
producibi 1 ity  input.  The  first  producibi 1 ity  review  stage, 
which  follows  the  materials  engineering  evaluation,  is 
accomplished  during  the  design  intensive  time  of  the 
process,  often  before  the  total  design  begins  to  take  shape. 
This  is  also  a  producibi 1 ity  intensive  phase  and  is  where 
sign  off  occurs  after  the  review  criteria  has  been 
satisfied  and  changes  i ncorporated.  All  engineering 
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drawings  pass  through  ths  sign  off  procsss.  The  second 
stage  product bi 1 ity  reviews  occur  after  approval  of  the 
design  by  the  project  engineer  and  prior  to  the  formal 
release  of  the  design.  During  the  producibi 1 i ty  sign  off 
review,  tradeoff  decisions  usually  occur  that  permit  drawing 
requirements  such  as  tight  tolerances  to  remain  due  to  the 
rule  that  function  takes  precedence  over  producibi 1 i ty.  The 
second  producibi 1 ity  review  can  compare  actual  inspection 
results  of  prototype  hardware  built  after  the  first  review 
with  the  functional  performance  of  the  product.  This  is 
used  to  determine  if  drawing  requirements  can  be  relaxed. 

The  Pareto  principle,  which  says  that  a  certain  small 
percentage  of  parts  will  account  for  a  correspondingly  high 
percentage  of  the  total  cost,  is  used  to  select  specific 
items  to  receive  further  produeibility  evaluations.  These 
key  components  will  often  be  large  or  complex  portions  of 
the  design.  This  second  influx  of  produeibility  dosign 
evaluations  should  include  support  from  the  actual 
manufacturing  engineers  that  will  build  the  hardware.  If 
prototypes  have  been  built,  manufacturing  and  inspection 

experience  will  be  utilized  in  preparing  the  drawing  changes 
for  enhanced  produeibility.  The  second  stage  produeibility 
review  will  be  established  as  a  major  milestone  of  the 
development  program  and  will  provide  incentive  for  approval 
of  design  changes  to  enhance  production. 

A  Production  Readiness  Review  <Pf*R)  is  not  shown  in 
figure  4  because  the  up  front  designing  with  manufacturing 
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considerations  Mill  signif icantl y  rsduco  or  eliminate  the 
need  -for  a  formal  PRR.  Rsadinsss  for  production  has  been  an 
intensified  ongoing  consideration  throughout  the  design  and 
has  provided  improvements  long  before  the  design  was  frozen. 
The  net  effect  is  that  the  PRR’s  of  the  past  have  been 
absorbed  into  the  process.  A  milestone  such  as  the  PRR  can 
still  be  utilized  to  identify  and  rank  problem  areas, 
however,  the  cost  and  duration  of  the  PRR  may  now  be 
considerably  reduced. 

Funding  for  the  DPEP,  which  is  primarily  software 
oriented,  is  to  be  used  for  the  producibi 1 i ty  design  control 
activities  of  providing  design  guidance  and  manuf acturing 
expertise  in  an  assurance  type  of  role,  to  provide  for  the 
in  depth  design  analysis  with  regard  to  manufacturing 
requi remonts  of  the  design,  and  for  continued  monitoring  of 
the  program.  Producibi 1 ity  analysis  may  include  the 
necessary  design  analysis  to  prove  the  changes  being 
requested  will  maintain  product  function.  It  is  important 
to  note  that  redesign  efforts  due  to  producibi 1 ity  problems 
are  to  be  funded  from  regular  development  funds  and  not  from 
the  DPEP  funding. 

Requirements  for  produci bi 1 i ty  analysis  must  extend 
beyond  the  drawings  that  are  to  be  a  part  of  the  TDP,  and 
include  the  preliminary  design  data  such  as  layouts, 
sketches,  prototype  drawings  and  vendor  drawings  that  may 
become  source  control  drawings.  These  documents  must  also 
have  signature  blocks  and  the  requirement  for  sign  off  by 
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the  responsible  produci bi 1 i ty  organization.  Tha  authority 
to  request  changas  and  nagotiata  drawing  requirement*  is 
includad  i  1  tha  producibi 1 i ty  plan.  Sign  off  must  ba  a 
praraquisita  bafora  any  hardwara  procurement  action  in  ordar 
to  insura  producibi 1 ity  ramains  in  tha  sequence,  to  provida 
impatus  for  incorporating  changas,  and  to  substantiata  tha 
govarnmant /contractor  commitment  to  dosigning  for 
producibi  1  ity. 

Tha  dasign  layout  is  an  important  building  block  for 
producibi 1 ity  ccnsidarations,  and  should  ba  dalinaatad 
dimansional J.y  as  complataly  as  possibla.  l..i*  forcas  tha 
actual  dasigner  who  ia  most  cognizant  of  functional 
requirements  to  astablish  tha  manufacturing  raqui resents 
nacassary  for  tha  dasign.  Also,  knowladga  of  tha  complata 
pictura  ia  rvauiiy  available,  thereby  el i mi net! ng  guess  work 
or  tol ar anclng  data! Is  without  knowladga  of  mating  parts. 

Vendor  drawings  that  ara  tha  stap  bafora  bacoming 
sourca  control  drawings  are  analyzed  first  for  their 
inherent  producibi 1 i ty,  and  then,  more  importantly  for  tha 
interface  raquiramants  which  they  will  bs?  dictating  for  tha 
mating  component.  Unbalanced  interface  tolerances  can 
result  in  higher  costs  for  tha  user. 

Source  control  drawings  have  bean  treated  as  taboo  in 
recent  years  due  to  tha  po  antial  and  actual  abuse  of  cost 
and  schedule  resulting  from  their  use.  Me  must  realize 
that  without  sourca  control  drawings  many  dasign  efforts 
would  be  compromised,  delayed,  or  result  in  development  coat 
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increases.  In  reality,  source  control  drawings  can  be  of 
substantial  cost,  quality,  and  performance  benefits  to  both 
government  and  contractors.  Rather  than  buying  the  design, 
the  product  is  purchased.  Source  control  drawings  are 
good.  What  is  bad  is  the  single  source  control  drawing. 

The  single  source  drawing  limits  procurement  of  hardware  to 
only  one  particular  source  or  company.  This  is  a  detriment 
to  the  producibility  of  the  TDP.  The  government  has  the 
responsibility  far  requiring  multiple  sources  on  these 
drawings  and  not  accepting  a  TDP  with  single  source  items 
except  when  joint  government/contractor  formal  trade  board 
decisions  have  approved  the  use  of  a  single  source  for  a 
specific  item.  Multiple  sources  must  be  developed  prior  to 
production  release  of  the  TDP  with  development  funds  set 
aside  for  such  action. 

Manuf actur ing  of  prototype  hardware  is  a  valuable 
source  of  producibility  information  and  is  indicative  of 
problems  that  may  develop  in  production.  Utilization  of 
prototype  data  can  be  achieved  by  strict  conformance  to 
drawing  requirements  and  observance  of  manufacturing 
performance  in  meeting  the  drawing  requirements.  In  many 
instances  conformance  to  drawing  requirements  is  given  low 
priority  not  only  on  prototype  hardware,  but  through  low 
rate  initial  production  and  into  full  scale  production 
before  inspection  enforcement  reaches  strict  configuration 
control  levels..  This  laxity,  which  expedites  the  program 
into  production,  includes  waivers,  deviations,  and  material 
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rev law  board  deciaiona  of  "uae  aa  ia" .  A  falsa  aanaa  of  tha 
pr oducibi 1 i ty  of  tha  hardwara  ia  givan.  Strict  initial 
conforaanca  maana  that  if  hardware  built  for  tha  prototypa 
can  ba  utilized,  than  avaluation  must  ba  mad a  to  datarmina 
whathar  to  changa  tha  drawing  to  raflact  tha  actual  aa  built 
hardwara  configuration.  A  biaa  toward  changing  tha  drawing 
ahould  ba  impliad.  Obaarving  raaulta  of  tha  manufacturing 
pro caaaaa  on  tha  prototypa  hardwara  providaa  procaaa 
angineara  with  valuabla  information  on  what  to  expect  and 
what  procaaa  changaa  may  ba  nacaaaary  in  praparing  for  full 
acala  production.  Producibi 1 i ty  daciaiona  includa  tha 
aalaction  of  tha  prototypa  manufacturing  source,  which 
ahould  wharevar  possible,  ba  a  potantial  full  acala 
production  aourca  for  tha  itam.  Tha  additional  coat  and 
tima  in  utilizing  a  production  aourca  for  prototypa  naada 
can  ba  offaat  by  tha  information  providad  that  ia 
rapraaantati va  of  what  can  ba  expected  of  tha  manuf acturing 
procaaa. 

A  formal  pl'tn  for  producibi  lity  improvamant  of  in 
production  components  ahould  ba  aatabliahad.  Thia  taak  can 
ba  accomplished  by  combining  a  Producibi 1 ity  improvamant 
affort  with  tha  wall  aatabliahad  Reliability,  Availability, 
Maintainabi  1  i ty,  and  Durability  <RAM-D')  programs  to  create 
tha  new  acronym  of  PRAM-D.  This  will  provide  for 
manufacturing  productivity  improvementa  through  a  formal 
maana  of  producibi 1 i ty  improvementa  to  ralaaaad  TDP'a. 
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Action  Plan 


The  procedure  for  implementing  strategic  management  of 
producibi 1 ity  in  military  hardware  designs  require  specific 
actions  from  three  areas,  government,  industry „  and 
education.  Government  actions  are  necessary  for  achieving 
the  long  term  benefits  of  producibi 1 ity  design  control  in 
all  hardware  designs  and  throughout  their  entire  acquisition 
and  support  life  cycles.  Industry  actions  are  essential  to 
meet  producibi 1 ity  design  objectives  concurrent  with  ongoing 
design  development.  Actions  specified  for  educational 
institutions  provide  for  long  range  improvements  in  capacity 
of  new  college  graduates  to  design  for  producibi 1 ity. 
Government  Action  Items: 

1.  Establishment  of  a  Producibi 1 i ty  Branch  within  the 
military  for  the  purpose  of  directing,  monitoring,  and 
funding  contractor  and  sub-contractor  producibi 1 i ty  efforts. 
The  branch  may  be  within  the  production  area.  However, 
emphasis  must  be  placed  on  producibi 1 ity  in  relation  to  the 
TDP  and  initial  design  phases.  This  will  create  a  healthy 
government-contractor  produci bi 1 i ty  counterpart 
arrangement . 

2.  Contractual  requirement!!  for  producibi  1  ity  design 
control  must  apply  to  all  design  efforts  in  order  to 
eliminate  the  potential  of  having  similar  design  efforts 
within  a  contractor  where  some  have  and  some  do  not  have 
produci bil ity  requirements.  Producibi 1 ity  being  a  cost 
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ef fecti vanes*  -function,  if  not  a  place  to  reduce  activity 
due  to  -funding  limitations.  The  objectives  apply  whether 
anticipatad  production  quantitias  ara  ona  or  savaral 
thousand. 

3.  Govarnmant  accaptanca  o-f  dasigns  should  not  occur 
until  a-ftar  both  tachnical  par-formanca  and  producibi  1  i ty 
critaria  hava  bean  satisfied.  Waivers  and  deviations  ara 
indicators  o-f  a  design  that  Mas  not  ready  for  production. 

4.  Govarnmant  agencies  must  be  more  tolerant  o-f 
producibi lity  changes  to  released  designs.  The  long  term 
bane-fit  is  strictly  to  the  govarnmant  in  cost  reduction  o-f 
the  hidden  costs  associated  with  the  producibi 1 ity  problems 
o-f  the  product.  Producibi  1  ity  changes  ara  o-f  tan  categorized 
as  "nice  to  hava"  or  as  "product  improvements"  which  place 
the  changes  into  low  priority  or  avoidable  classifications. 
Without  producibi 1 ity  changes  the  production  process  will 
remain  a  costly  stranglehold  indefinitely.  Some  cost 
differences  in  implementing  these  changes  are  to  be 
expected.  Note  that  generally  the  manuf acturing  process 
will  not  be  altered,  rather,  the  control  or  design  limits 
are  increased  to  agree  with  the  process  capabilities.  ft 
tooling  or  gaging  cost  may  be  required,  however,  the  long 
term  benefit  to  the  government  is  still  accrued. 

5.  During  the  early  stages  of  production  there  must  be 
a  high  degree  of  adherence  to  drawing  requirements  through 
comprehensive  inspection  and  physical  configuration  audits. 
Non-conformance  must  receive  corrective  action  through 
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process  improvements  or  drawing  changes.  This  adharanca 
and  corractiva  action  must  ba  mandated  from  tha  governmant. 
Tha  coat  up  front  will  ba  raplacad  many  times  ovar  the 
production  run. 

6.  Government  davalopad  design  guides  must  ba  expanded 
to  include  recommendations  for  actual  dimensional  and 
tolerance  data  for  mating  part  assemblies  in  categories  of 
normal  and  close  tolerance  ranges.  This  data  should  ba 
established  on  statistically  obtaining  a  minimum  of  9SX 
acceptance  within  the  ranges  of  normal  manufacturing 
capabi 1 i ties. 

7.  A  produeibi 1 i ty  impact  review  of  Military  Standard 
<MS)  components  should  be  tasked  for  evaluating  their  effect 
on  mating  component  interface  requirements.  MS  parts  are 
used  by  designers  whenever  possible.  An  example  of  a 
problem  area  is  electrical  receptacles  which  when  used  in  a 
fixed  fastener  interface,  require  extremely  restrictive 
manufacturing  tolerances  in  some  cases  of  the  magnitude  of 
.001  inch  true  position.  There  appears  to  be  substantial 
cost  savings  potential  in  simple  design  changes  to  MS  parts 
that  can  improve  the  produeibi x ity  on  interface  requirements 
of  mating  components. 

8.  Government  specifications  should  be  changed  such 
that  a  drawing  requiring  the  specification  would  also  have 
to  identify  the  applicable  sections.  Current  practice  is 
is  to  state  on  the  drawing  which  sections  are  not 
applicable.  Generally,  this  tailoring  of  specifications  is 
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sporadic,  yi siding  the  costly  application  of  unnscsssary 
rsquirmants. 

9.  A  pro-fit  incsntivs  program  must  bs  dsvslopsd  to 
reward  contractors  that  dsvslop  designs  yislding  minimum 
production  probisms.  Higher  profit  percentages  should  bs 
grantsd  in  opsrations  where  minimum  waivers,  daviations,  and 
MRB  activity  occur  than  in  opsrations  plagued  by  high 
quality  costs  and  production  inaf f iciancias  caused  due  to 
design  induced  production  problems. 

Contractor  Action  Items: 

1.  Contractors  must  require  some  minimum  level  of 
manufacturing  experience  of  their  product  designers. 

2.  Product  designers  must  be  intimately  involved  with 
the  manuf acturing  of  their  components,  with  special  emphasis 
over  prototype  manuf acturing  and  inspection  problems. 
Acceptable  discrepancies  that  occur  in  preproduction 
operations  must  be  reflected  as  acceptable  in  the  production 
drawings. 

3.  Job  rotation  programs  between  design  engineers  and 
manuf acturing  personnel  should  be  encouraged.  The  rotation 
must  provide  the  design  engineer  with  hands  on  experience  in 
manufacturing  and  inspection  operations.  Manuf aeturi ng 
personnel  will  be  involved  in  establishing  drawing 
requirements  and  making  the  associated  decisions.  These 
efforts  will  increase  communication  and  provide  insight  into 
the  work  environment  of  their  counterpart. 

4.  Contractors  should  emphasize  within  their  operations 
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tha  creation  of  zmra  dafcct  anginaaring  drawings  with 
raspact  to  producibi 1 i ty  criteria.  Contractor  managtntnt 
must  ba  fully  supportiva  of  producibi 1 ity  af forts. 

5.  Contractor  managamant  must  maintain  tha 
producibi 1 Ity  functional  activity  within  tha  dasign  procass 
and  assign  fortr.al  routing  for  documantation  approval  of  all 
TDP  and  daval op manta!  douumants  such  as  layouts  and 
skatchas,  prior  to  any  procuranant  activity. 

Educational  InsLi.  tution  Act',  on  I  tarns: 

.  Maciusrical  and  Eluctr  '.cal  anginaaring  dagraa 
program  must,  davotn  a  mandatory  coursa  of  instruction  on 
tha  anginaaring  1 angun*  *  of  daomatric  Dimarsioning  and 
Tol  artu  v  .  g  (GDC  n  ,  Educational  institutions  ara  axtramal y 
inadwqu.vt  H  in  cin” iiVul.ua  ampt._x  is  on  GD&T  and  far  balow  tha 
i  aval  nf  training  Hyny{.jart  that  industry  pares! vss  is  baing 
taught  (Vraj ich, 1993, p.94; . 

2.  Univarsitias  must  includa  in  thair  anginaaring 
coursa  work  studias  that  ralata  product  function  to 
dimansions,  tolt'rancas,  and  manuf acturing  capabi  1  itias. 

3.  A  coursa  ganarally  covaring  various  manuf acturing 
procassas  should  ba  mandatory  in  tha  anginaaring  dagraa 
programs  so  as  to  provida  a  foundation  of  knowladga  to  tha 
graduating  anginaar  about  how  comp on ants  ara  built. 
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Chapter  IV 


Summary,  Cone lusi ons,  and  Recommendations 

Introduction 

The  purpose  of  this  study  was  to  develop  and  present  a 
strategy  for  implementing  a  management  program  of 
producibi 1 i ty  design  control  that  would  affect  a  smooth  and 
cost  efficient  transition  from  design  development  to 
production  of  military  equipment.  The  necessity  for  such  a 
study  is  derived  from  current  problems  associated  with 
massive  cost  escalations  when  products  enter  production. 
These  unanticipated  cost  escalations  occur  primarily  due  to 
a  lack  of  the  necessary  characteristics  that  permit  a 
capability  of  achieving  the  proper  quality  and  production 
efficiencies. 

The  strategy  evolved  through  influences  from  private 
sector  information,  Department  of  Defense  information,  and 
observance  of  prime  and  subcontractor  hardware  development. 
Actual  experience  of  the  impact  of  TDP  requirements  on 
production  operations  provided  additional  insight  into  the 
problem. 


Summary 


Manufacturing  uc«f,  as  a  general  rule,  make  every 
effort  to  achieve  the  requirements  requested  from  the 
documents.  Howiver,  when  a  production  problem  necessitates 
corrective  action  through  design  changes,  considerable 
expend! tures  of  time  and  money  have  occurred  through 
manufacturing  attempts  at  reaching  those  requirements. 

Early  and  constant  team  work  between  product  design 
personnel  and  producibi 1 ity  engineers  will  avert  these 
costly  problems. 

Producibi 1 ity  can  become  a  self-fulfilling  prophecy  due 
to  it’s  presence  on  the  design  team,  which  creates  a 
constant  awareness  of  manufacturing  considerations  on  the 
minds  of  each  design  team  member.  Producibi 1 Ity  efforts 
salve  production  problems  before  they  surface.  If 
producibi 1 ity  goals  are  accomplished  one  may  never  be 
conscious  of  the  benefits  derived,  the  cost  avoided,  or  of 
the  actual  producibi 1 ity  efforts.  Producibi 1 ity  levels  of 
various  military  equipment  are  in  themselves  a  strategic 
weapon  of  increased  ability  to  provide  the  field  with 
equipment  in  a  timely  manner. 

The  fact  that  the  military  buys  the  design  and  then 
pays  what  is  necessary  to  build  to  the  design,  provides  the 
reason  for  government  direction  and  enforcement  of 
producibility  design  control.  Historically,  product 
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acceptance  criteria  was  primarily  parf ormanct,  whereas  today 
tha  critaria  i»  conformanca  to  drawing  requirements  which  im 
different  and  much  mora  raatrictiva  of  manuf acturing.  Tha 
dasign  agancy  has  comp lata  rasponsibi 1 i ty  for  tha 
producibi 1 i ty  of  thair  dasign*.  Tha  govarnmant  has  complete 
rasponsibi 1 ity  for  raquiring  that  dasign  davalopmant 
includas  irH  gh  1  avals  of  producibi 1 ity  in  tha  equipment 
dasignad. 

Producibi 1 ity  as  a  disciplina  within  an  organization 
is  an  assuranca  function  as  part  of  tha  dasign  team.  Tha 
product  dasignar  and  ralatad  drafting  parsonnal  ara  taskad 
with  tha  objactiva  of  including  tha  charactaristics  of 
producibi 1 ity  in  thair  dasigns.  Signatura  approval  of 
drawings  by  tha  producibi 1 ity  disciplina  is  a  mandatory 
raquiramant.  Producibi 1 ity  objactiva*  ara  not  cost,  but 
rathar  cost  af f acti vanass.  Tha  producibility  organization 
should  b*  placad  in  a  position  whara  dasign  input  is  raadily 
accassibla  and  authority  is  racaivad  through  both  top 
managamant  and  tha  individual  program  man agar. 

A  producibility  program  plan  must  ba  astablishad  that 
datails  tha  organizational  structural  linas  of  authority, 
rasponsibi 1 ity,  mathods,  objactiva*,  and  dasign  process 
flow.  All  davalopmant  programs  must  includs  producibility 
efforts.  Evan  on*  of  a  kind  projacts  racaiva  substantial 
banafits.  Tha  producibility  function  must  ba  staffad  with 
highly  capabl*  and  wall  qualifiad  parsonnal  in  thair  field. 
Rubber  stamp  drawing  approval  must  ba  avoided  through 
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comprehensi ve  multi-person  producibi 1  it/  reviews  and  a 
dedicated  effort  at  design  changes  -for  producibi  1  i ty.  Key 
components  should  receive  two  producibi 1 ity  reviews,  one 
before  prototype  build,  the  other  after  results  of  the 
prototype  are  complete  and  before  production  plariing 
begins.  Nonconf ormance  to  drawing  requirements  of  prototype 
and  initial  production  equipment  must  be  rigidly  measured 
and  receive  corrective  action  through  drawing  changes  when 
non-conf ormance  has  yielded  acceptable  perf ormance. 

Conclusions 

The  research  and  information  presented  in  this  study 
have  yielded  the  following  conclusions. 

Primary  benefits  of  producibi 1 i ty  enhanced  designs  and 
producibi 1 ity  changes  are  to  the  military.  Defense 
contractors  cannot  be  expected  to  voluntarily  initiate 
producibility  improvements  as  long  as  profit  opportunity  is 
cost  based  because  producibility  improvements  reduce  both 
product  and  quality  costs. 

The  military  must  be  the  initiator  of  producibility 
requirements  and  must  establish  a  funding  base  apart  from 
the  development  base  for  each  program.  Profit  incentives 
are  needed  that  reward  contractors  for  designs  that  create 
less  problems  in  production. 

Producibility  design  control  is  an  assurance  function 
that  provides  design  guidance  and  has  authority  to  reject 


designs  based  upon  producibi 1 i ty  criteria.  Redesign 
efforts  due  to  producibi 1 ity  problems  are  funded  from 
design  funds  and  not  producibi 1 ity  funds. 

A  synergistic  effect  is  obtained  by  combining  designers 
with  manuf acturing  personnel  in  the  design  environment. 

This  is  a  fundamental  precept  of  the  strategic  producibi 1 i ty 
plan.  Formal  document  routing  paths  must  include  the 
producibi 1 i ty  function. 

Design  changes  for  producibi 1 ity  improvements  must  be 
favorably  received  by  design  and  government  personnel. 

Short  term  concerns  are  overwhelmed  by  long  term  benefits 
and  should  be  treated  as  such. 

Funding  for  producibility  early  in  the  development 
process  is  seed  money  for  the  long  term.  Pay  a  little  up 
front  or  pay  many  times  more  later.  Cost  implications  are 
graphically  shown  in  figure  S.  Note  that  the  cost  delta  at 
production  continues  on  for  the  entire  production  life. 

Max  1 mum  producibility  can  not  be  reached  unless  it  is 


See  Figure  5 


considered  prior  to  commencing  production.  The  cost  savings 
potsntial  of  producibi ..  i  ty  efforts  are  greatest,  and  the 
coat  to  incorporate  producibility  improvements  is  least,  the 
earlier  they  are  applied  in  the  development  process. 
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Recommendations 


On  the  basis  o-f  the  -findings  and  conclusions  of  this 
study,  the  fol lowing  recommendations  are  presented. 

1.  The  Department  of  Defense  should  establish  a 
producibi 1 i ty  branch  at  each  command  responsible  for 
development  of  military  systems.  This  branch  will  oversee 
contractor  producibi 1 i ty  efforts  and  the  government  interest 
in  TDP  development  with  an  eye  toward  cost  effectiveness. 

2.  Government  acceptance  of  TDP’ s  should  not  occur 
until  after  the  production  characteristics  of  the  system 
have  been  proven.  8trict  conformance  to  drawing 
requirements  with  drawing  changes  where  applicable,  must 
occur  with  the  prototypes  and  the  first  production  units. 

3.  Contractors  must  accept  their  responsibility  and 
take  action  toward  designing  for  producibi 1 ity. 

4.  Educational  institutions  need  to  train  their 
students  in  the  area  of  designing  for  producibi 1 ity. 

5.  Future  studies  should  be  undertaken  to  improve  the 
profit  situation  from  ccat  based  to  cost  effectiveness 
based. 
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Study  Contribution 


The  intent  of  this  study  is  to  improve  ths  development 
system  such  that  product  designs  arrive  at  manufacturing 
with  characteristics  permitting  efficient  production. 
Producible  designs  reduce  significantly  the  high  cost 
escalations  that  otherwise  occur  when  production  begins. 

Hidden  costs  of  quality  efforts,  schedule  delays,  and 
production  inefficiencies,  due  to  poor  producibility  will  be 
reduced.  Producibility  as  a  strategic  weapon  has  the  effect 
of  preparation  for  production  escalations  due  to  industrial 
mobilizations.  Use  of  the  concepts  developed  here  will 
provide  an  optimization  of  cost,  schedule,  and  quality. 


50 


IMPLEMENTATION  STRATEGY  FOR 
MANAGEMENT  OF  A  PRODUCIBILITY  PROGRAM 
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Researcher  ,  . 
University  t/ 


Westland,  Michigan  48105 


/  ann 


March  7,  1985 


S.  Paul  Mediratta 
Dr.  John  F.  Dreher 
Aeronautical  Systems  Division 
Wright-Patterson  AFB 
Ohio 


Dear  Sirs, 


As  a  graduate  student  at  Central  Michigan  University, 

I  am  engaged  in  research  on  the  subject  of  implementation 
strategies  for  management  of  producibi i ity  pr  grams. 

In  my  research  of  the  subject  I  found  very  helpful  your 
writing,  "Praduc i b i 1 i ty  Engineering  at  ASD"  ,  published  by 
IEEE  in  1980,  reference  CHI 554-5- 1/0000-1 1 16.  I  would 
like  your  permission  to  copy  with  minor  modifications, 
figure  one,  page  1116,  on  Dollars  versus  the  acquisition 
process. 

Your  permission  for  adapting  this  information  from  your 
publication  will  be  greatfully  acknowledged  in  my  thesis 
and  any  possible  follow  on  journal  articles  or 
presentations. 


Si ncer el y , 

f'  ^  .  •>  ,  0  'V  "i  '— .  ■ , 

r  A 

*  (.✓ 

Randy  3.  Dawley,  Researcher 

Central  Michigan  University 

C/0  7414  Martel 

Westland,  Michigan  49185 


THE  INSTITUTE  OF  ELECTR'CAL  AND  ELECTRONICS  ENGINEERS  INC 
345  EAST  47TH  STREET  NEW  YORK  N  Y  10017  USA  TELEX  23641  1 


Maron  13,  198  5 


DIRECT  NUMBER  (212)  705- 


7  J  fiC 


Mr.  Raadv  S.  Daw ley 
Researcher 

Central  Michigan  university 
c/o  7114  Hartei 
L’estland,  MI  4; 5  185 

Dear  Mr .  Dawley  : 

tn  response  to  your  March  7  letter,  we  are  happy  to  grant  you  permission  to 
adapt/reprint  one  IEEE  copyrighted  figure  in  your  forthcoming  thesis  on 
"implementation  Strategies  for  Management  or  Produc ibi 1 i ty  Programs." 

Since  you  are  adapting  the  illustration  we  require  that  you  first  obtain  the  (senior) 
author's  approval  before  you  consider  our  permission  final.  In  addition  we  require 
that  you  give  full  credit  to  the  source  (author,  paper  md  publication)  and  that  the 
IEEE  copyright  line  (  ©  I960  Ic.EE)  appears  prominent;..-  with  your  reference  to  the 
adapted  figure. 


Sincerely  yours, 


Barbara  Howlev,  Administrator 
Copyrights  and  Permissions 


DEPARTMENT  OF  THE  AIR  FORCE 

HEADQUARTERS  AERONAUTICAL  SYSTEMS  DIVISION  (AF5C) 
WRIGHT-PATTERSON  AIR  FORCE  BASE.  OHIO  45433 


25  March  1985 


Mr  Randy  S.  Dawlev,  Researcher 
General  Michigan  University 
C/0  7414  Hartel 
Westland,  Michigan  48185 


Dear  Mr.  Dawlev, 

Reference  your  letter  dated  7  March  1985  requesting  permission  to  use 
some  material  from  my  paper  on  the  subject  "Producibility  Engineering  at 
ASD".  It  gives  me  great  pleasure  to  learn  that  you  have  selected  to  use 
the  material  from  the  referenced  paper.  You  have  full  permission  to 
adapt  any  part  of  the  subject  paper.  I  have  co-ordinated  with  Dr  Dreher. 

Would  it  be  possible  to  send  us  a  copy  of  your  thesis?  We,  here  at 
ASD,  are  very  much  interested  in  the  implementation  of  producibility 
programs  and  would  certainly  appreciate  if  you  keep  us  informed  on  the 
results  of  your  research.  Hoping  to  hear  from  you. 


Sincerely, 

S.  PAUL  MEDIRATTA 
Chief,  Implementation  & 

Validation  Branch 
Systems  Integrity  6 

Supportabilitv  Division 
Directorate  of  Systems  Engineering 
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